We perform calculations for M1 transitions and allowed Gamow Teller (GT) transitions in the even-even Titanium isotopes -44 Ti, 46 Ti, and 48 Ti. We first do calculations with the FPD6 interaction. Then to study the effect of T=0 matrix elements on the M1 and GT rates we introduce a second interaction in which all the T=0 matrix elements are set equal to zero and a third in which all the T=0 matrix elements are set to a constant. For the latter two interactions the T=1 matrix elements are the same as for FPD6. We are thus able to study the effects of the fluctuating T=0 matrix elements on M1 and GT rates.
I. INTRODUCTION
We have previously studied the effects of T=0 two body matrix elements on energy levels. [1, 2] In this work we will focus on the transition rates. In the former work we used an FPD6 interaction to get the energy levels of 44 Ti, 46 Ti, and 48 Ti as well as a second interaction wherein the T=0 matrix elements were set to zero while the T=1 matrix elements we left unchanged. In a single j shell calculation of 44 Ti we found that the energy levels of the yrast even spins J=2-12 were very little affected by this apparently severe change. The odd spin T=0 states (not yet found experimentally) were lowered in energy somewhat when this approximation was made. In this single j shell calculation many degeneracies appeared e.g.
the J=9
+ 1 and 10 + 1 states. The reason for these degeneracies was explained in the first two references. [1, 2] In a full fp calculation the even spin spectrum spread out a bit more -leaning slightly toward a rotational spectrum when the T=0 matrix elements were reintroduced (ie full FPD6 interaction) but only slightly. It thus appeared that keeping only the T=1 matrix elements led to a reasonable spectrum and the T=0 matrix elements were only needed for fine tuning.
In the previous work we focused on excitation energies. We now examine the M1 and G-T transition strengths in the same nuclei to see whether these strengths are more sensitive to T=0 matrix elements than are the energy levels. For completeness we also look at some M3 transition strengths.
II. THE CALCULATION
Whereas in our previous works we considered only one modification of the basis FPD6 interaction here we consider two. We denote our three interactions as follows:
Interaction A Set all T=0 two body matrix elements of FPD6 to zero; keep all T=1 matrix elements of FPD6 unchanged.
Interaction B Set all T=0 two body matrix elements of FPD6 to a constant; keep all T=1 matrix elements of FPD6 unchanged.
Interaction C Unmodified FPD6 interaction.
It should be mentioned that there is no difference in the results for the spectrum of the states of a given isospin in a single j shell calculation between interaction A and B. Of course the ground state energy (binding energy) will be affected as will the relative energies of states with different isospins.
However when configuration mixing is included there will be a difference in the spectrum of states of a given isospin. There is a difference between setting the T=0 matrix elements equal to a constant and introducing a constant T=0 interaction c( − t(1) · t(2)). With the latter there will be no change in the spectrum of states of a given isospin when we change the value of c even in a large space calculation. We get the same answer whether c is positive, negative or zero (again the binding energy will be affected).
With the above constant T=0 interaction matrix elements of the form <
will be a constant, the same constant as for the diagonal matrix elements.
We can regard the results for going from A to B to C as respectively studying the effects 
III. RESULTS
In tables I-VI we give the summed strength B(M1) for the three interactions A, B and C. We display results for total B(M1), B(M1) spin , and B(M1) orbital .
The respective g factors are B(M1); g sπ = 5.586, g sν = -3.826, g lπ = 1, g lν = 0 B(M1) spin ; g sπ = 5.586, g sν = -3.826, g lπ = 0, g lν = 0
The six tables are as follows Comparing interactions A and C (for t=4) we find that the reintroduction of the T=0 matrix elements causes the spin B(M1) to decrease from 9.296 µ is large and the spin B(M1) is zero. The SU(4) limit is a case of high collectivity with the other extreme being the single j shell limit. It is clear that reintroducing the T=0 matrix elements into the calculation will cause nuclear collectivity to increase.
For the heavier nuclei we only go up to t=2 so it is instructive to compare the t=2 and t=4 calculations in 44 Ti. We will focus on interaction C. Relative to t=1 we get a reduction in the t=2 calculation of B(M1) spin from 8.438 µ 2 n to 4.680 µ 2 n . When we go to t=4 the trend continues with B(M1) spin further reduced to 3.267 µ 2 n . On the other hand the orbital strength increases from 1.317 µ 2 n to 1.926 µ 2 n to 2.144 µ 2 n as we go from t=1 to t=2 to t=4. This means excitation energies also go steadily up. These results are consistent with the fact that as we increase the configuration mixing we increase the collectivity. We should keep in mind that for the heaviest titanium isotopes where we limit calculations to t=2 we might be underestimating the collectivity and the difference in t=2 and t=1 calculations would continue to grow if we enlarged the space further. We first consider the summed strength for the T=1 → T=1 M1 transitions. We immediately see big changes as we go from interaction A to C. At the t=0 level (f One sees that most of this increase in orbital strength also occurs with the B interaction.
IV. THE NUCLEUS
This would suggest that it is mostly an average T=0 effect rather than being due to a fluctuation in the matrix elements or T=0 pairing. We still see the orbital enhancement is well described also by the interaction B. This implies again that it is mostly an average T=0 effect rather than being due to a fluctuation in the matrix elements or T=0 pairing.
Note that in the single j shell calculation (t=0) the A and B interactions give identical results for the three B(M1)'s but the mean energies are different. This is also true in 46 Ti.
Only when there is configuration mixing does the constant T=0 interactions A and B differ as far as the B(M1)'s are concerned.
VI. GAMOW-TELLER TRANSITION
For the isovector B(M1) we have the relation
For G-T there is one channel that is never present for M1's, J=0 T → J=1 + T-1.
We present results for GT transitions in tables VII to IX. For 46 Ti we see even at the t=0 level a big change in the rate when the full FPD6 is used for this channel. (0.828 → 0.361).
At the t=2 level the change is from 4.666 to 2.033 more than a factor of two reduction.
This large of a difference does not occur with the interaction B. This suggests that for this channel pairing effects (alternatively deviations from the average T=0 interaction) are important.
In tables X and XI we show the trends as the configuration space is increased from t=1 to t=2. We present the ratio of correspondence M1 and GT rates for [t=2]/[t=1].
We can see except for the anomolus T=0 → T=0 transition in 44 Ti, the obrital B(M1)'s get enhaced as the configuaration space increased. In all cases on the other hand, the spin B(M1)'s decrease as the configuration space is increased.
Looking at the corresponding numbers for GT ratios, we note that [t=2]/[t=1] ratios are the same as for the corresponding spin B(M1)'s except for the T f =T i case.In this case there is an isoscalar contribution to B(M1) as well as the dominat isovector contribution.
There is a relationship between
A = B(GT ) (T,−T ) → B(GT ) (T +1),(−T +1) and B = B(GT ) (T,−T ) → B(GT ) (T +1),(−T −1) i.e. B
(GT ) T i→V (T +1) and B(GT ) T i→Sc(T +1)
The ratio A/B is equal to
B(GT ) 46 T i→ 46 V (T =2)
= 6 and
In principle then one should get the 3(N-Z) sum rule without doing the (n,p) reaction on 46 Ti. For example the 46 Ti sum rule reads
We can write this as B(GT )46
However in practice it is very difficult if not impossible to seperate the isospin components.
VII. COMMENTS ON M3 TRANSITIONS
In tables XII to XVII we present the results for M3 transitions from the ground states of 44,46,48 Ti. The tables are presented in the same format as those for M1's in Tables I thru   VI . One further note is that in table XVI on the lowest 1000 states are considered in the t=2 case for 48 Ti.
The relative contribution of orbit to spin for B(M3) is much less than for B(M1).
In general going form interaction A to C causes the orbital M3 to be enhanced. For the spin case these are mixed results sometimes there is a quenching others an enhancement. 
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